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Abstract: There are limited reports about the impacts of smallholder-managed cropping and land-use practices
(CLUPs) on soil quality, especially in developing countries. This study investigates the impact of six different Cropping
Land Use Practices (CLUPs) on soil quality parameters in Abuja, Nigeria, focusing on sesame mono-cropping (SM),
guinea corn mono-cropping (GCM), yam mono-cropping (YM), maize + yam mixed cropping (MYM), maize mono-
cropping (MM), and natural forest (NF). The objectives are to determine Soil Organic Carbon (SOC), Total Nitrogen
(TN), and pH values in the six CLUPs and assess differences under various CLUPs and soil depths. The study conducted
in the University of Abuja Permanent Site, covers 11,000 hectares and analyzes soil samples from three replicate plots
per CLUP, considering topsoil (0-15cm) and subsoil (20-30cm). The results indicate slightly acidic soils with low SOC
and TN contents. Significant differences in SOC, TN, and C/N ratio are observed among cropping systems, with
mixed cropping (MYM) promoting higher SOC. The C/N ratio is consistently low across CLUPs, indicating accelerated
decomposition. While intra-plot soil heterogeneity is low, significant declines in soil quality indicators are noted
under cropping systems compared to the natural forest. The study recommends site-specific, sustainable land
management practices tailored to each cropping system. Encouraging organic matter additions, such as using animal
and farmyard manure, is proposed to enhance soil fertility and reverse degradation trends. The findings contribute
to understanding how diverse cropping practices impact soil quality, providing valuable insights for sustainable land
management in the Abuja region.
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INTRODUCTION

Soil is important not only for human survival but also for the overall health of ecosystems around
the world. This means that human progress will be most successful if it gets enough attention. For food
production, its primary operational function is to offer nourishment to plants and absorb and drain
water. Consequently, the FAO (Food and Agriculture Organization) of the United Nations declared in
the first revised World Soil Charter that "soils are a crucial enabling resource, central to the generation of
a variety of commodities and services integral to ecosystems and human well-being" (FAO, 2015). To
derive the services and benefits that soil could offer, different cropping and landuse practices (CLUPs) are
being established and managed in different parts of the world (Lal, 2010 & 2015; Yang et al., 2020).

The term "soil quality" is used to refer to a soil's capacity to sustain human requirements, nourish
plants, and maintain and improve soil air and water quality (Chandel et al., 2018; Gayan et al., 2020;
Jiang et al., 2020). Increasing research evidences from around the world show that soil quality is declining
under various CLUPs at a time when global efforts to achieve the SDGs are increasing (Kiflu & Beyene,
2013; Zajicovad & Chuman, 2019; Adebo et al., 2020; Assefa et al., 2020; Laekemariam & Kibret, 2020;
Hussain et al., 2021).

Numerous studies have been carried out to assess changes in soil quality resulting from different
landuse practices using a variety of indicators (see, for instance, Islam & Weil, 2000; Ezeaku, 2015;
Blinemann et al., 2018; Dogan & Giilser, 2019; Kongor et al., 2019; Mulyono et al., 2019; Sefati et al.,
2019; Nguemezi et al., 2020; Amoakwah, 2021; Kaur et al., 2021; Mulat et al., 2021; Nath et al., 2021;
Saleh et al., 2021; Silvianingsih et al., 2021). Changes in soil indicators and other metrics can be used to
quantify soil quality changes brought about by different CLUPs of which the use of soil organic carbon
(SOCQ), total nitrogen (TN), and soil reaction (pH) represent the three most common ones (Pham, 2010;
Pham et al., 2018a; Vashisht et al., 2020; Wang et al., 2021). According to Chen et al. (2010), SOC is
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essential to soil fertility and serves as a reliable measure of a soil's biological health as well as its chemical,
biological, and physical processes. In particular, crop growth is limited when SOC levels are low in the
soil (Kay & Angers, 1999). It is well known that SOM (upon which SOC is based) increases structural
stability, improves resistance to rainfall impact, holds a significant amount of nutrients, cations, and trace
elements that are essential to plant growth, accelerates infiltration and faunal activity, prevents nutrient
leaching, is essential to organic acids that make nutrients accessible to plants while serving as a soil buffer
to resist significant changes in pH, and is a key component in the overall quality of soil. The effects of
land use change on total nitrogen in soil have been studied (Roose & Barthes, 2001; Yerima & van Ranst,
2005; Leu, 2007). SOC level is constantly changing because it is a product of a balance between two
highly dynamic processes of organic material input into soil (such as through amendments using crop
waste, plant roots, and animal dung) on the one hand, and on the other, losses through declines in
amounts of plant and animal materials, surface erosion, litter oxidation, and microbial breakdown in
soil. The primary nutrient essentially needed for vegetative development is TN (Ren et al., 2014), while
one of the most crucial soil factors and a necessity for agricultural output is soil pH, as most agricultural
crops grow best in soil that has a pH between 5.5 and 6.5 (Havlin et al., 1999).

In the literature, substantial research information is available on the effects of various CLUPs on
SOC, TN, and pH, but the findings across different landscapes are still controversial. Many researchers
(for example, Abbasi et al., 2007; Abad et al., 2014; Takele et al., 2014; Bore et al., 2015; Dengiz et al.,
2015; Kalu et al., 2015; Chemada et al., 2017; Olorunfemi et al., 2018; Galindo et al., 2022; Paramesh
et al., 2022; Shi et al., 2010; Wang et al., 2021; and Hota et al., 2022) observed that paddy rice had a
higher SOC content than forested soil, while Jonczak (2013) found out that fallow land had a higher
SOC content than forested soil. Pham et al. (2018b), on the other hand, found that soils under planted
acacia and rubber forest covers and arable land had higher SOC levels than those under natural forest,
while Mengistu et al. (2022) observed that the SOC values of soils under cropland and Eucalyptus
camaldulensis planted fallows are not significantly different from each other. Kebebew et al. (2022)
discovered that soils near natural forests had lower SOC levels than those under Enset ( Ensete ventricosm)
planted fallow. Chen et al. (2016) found that TN in croplands was markedly lower than in wooded land;
however, Moges et al. (2013) contended that TN did not exhibit any substantial difference across all
CLUPs. Yet, Lizaga et al. (2019) found out that TN levels of natural forest were higher than those of
cropland but only slightly different from those of planted fallow and shrubland. Studies have also found
that different CLUPs have differential impacts on soil pH as well (for instance, Fayissa et al., 2015;
Khormali & Shamsiv, 2014; Lizaga et al., 2019). According to Liu et al. (2018), while farmland had a
higher SOC value than orchard and grassland, grassland had a higher TN value than both orchard and
farmland, but the pH levels of the three plots were very slightly different. Manpoong et al. (2019)
observed that while natural forests had higher levels of SOC and TN than planted forests (rubber,
bamboo, and oil palm) and bush fallow, pH was not significantly different among the plots. Tellen &
Yerima (2019) discovered that while SOC is highest in virgin forest, Eucalyptus plantations, virgin
savanna, and grazing land, it is lowest in afforested parkland savanna. TN was observed to be highest
under virgin savanna and grassland, followed by virgin forest, then arable farmland and Eucalyptus
plantations, and least under afforested parkland. In terms of pH, the highest levels were found in virgin
savanna and grazing land, followed by planted parkland savanna, then virgin forest, and finally farmland,
which had the lowest levels.

The examples above imply that similar management practices can have different effects on soil
quality in different ecosystems. Beside management practices, spatial elements such as topographic aspect,
location, and climatic circumstances have a big impact on soil qualities (Ovalles & Collins, 1986; Pausas
et al., 2007; Tesfahunegn et al., 2020). Because these things are different from one place to the next, it
follows that the soil in each area needs to be looked at in its own context to figure out how many quality
problems are caused by its use and what the best solution is to fix these problems. Despite the large
volume of literature on the effects of CLUPs on OC, TN, and pH soil quality indicators, there is very
limited research information on it for smallholder-managed CLUPs in West Africa, even though the region
accounts for about 15% of the farming population in the world.

It follows from the above that soil play critical role in sustaining human life and maintaining
ecosystem health as well as the ability to meet human needs, support plant growth, and maintain overall
soil health. The fact that soil heath deteriorates under cropping and landuse practices despite the many
attempts being made towards achieving Sustainable Development Goals (SDGs) globally no doubts sets
the stage for the research gap that needs to be examined in areas under continuous cropping practices.
This creates a research imperative, given the importance of soil for agriculture, ecosystem health, and
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human well-being. It is also clear that there is a somewhat controversy and inconsistency in research
findings across different landscapes on soil quality deterioration due to cropping. The examples provided,
such as the differing effects of paddy rice and fallow land on SOC content, contribute to the rationale
for the study and this particularly reinforces the need for more localized and context-specific studies.
Additionally, the influence of spatial elements like topography, location, and climate on soil quality,
further justifying the need for site-specific investigations. One best way to assess soil quality changes is by
referencing key indicators such as Soil Organic Carbon (SOC), Total Nitrogen (TN), and soil pH. These
indicators are crucial for understanding the biological, chemical, and physical processes of soil. The choice
of these indicators is rationalized based on their widespread use and relevance in assessing soil quality
changes.

This study hence makes a contribution in this regard by examining the effects of six different
CLUPs, namely sesame (Sesamum indicum) mono (SM) cropping, guinea corn (Sorghum bicolor) mono
(GCM) cropping, yam (Dioscorea rotundata) mono cropping (YM), maize (Zea mays L.) + yam mixed
(MYM) cropping, maize mono-cropping (MM), and natural forest (NF), on SOC, TN, and pH values of
soils in Abuja, Nigeria. The major objectives of the study are to determine the content of SOC, TN, and
pH values of the six CLUPs, and examine the differences in SOC, TN, and pH under the different CLUPs
and soil depths.

The study's significance is underscored by its focus on smallholder-managed CLUPs in West Africa,
a region representing a substantial portion of the global farming population. The dearth of research in
this region despite its agricultural importance highlights the research gap that the study aims to address.
The six CLUPs chosen for investigation in Abuja, Nigeria, represent a diversity of agricultural practices,
adding relevance to the study.

METHOD
Study Area

The study area (University of Abuja Permanent Site, latitude 8°55'- 9°14'N and longitude 6°51
- 7°11E, Figure 1) covers about 11,000 ha (118 km?) of land and serves as an excellent testing ground for
the type of investigation intended in this study because its climatic, geologic, topographic, and landuse
histories are fairly uniform. The area typically experiences a tropical savanna climate. There are distinct
wet and dry seasons. The wet season usually occurs from April to October, with the peak rainfall between
June and September. The dry season spans from November to March. Abuja generally has high
temperatures, with relatively cooler conditions during the rainy season. Abuja has an elevation that
varies, contributing to the city's relatively cooler climate compared to some other parts of Nigeria. The
topography is characterized by undulating plains and hills, typical of the central part of Nigeria. Generally
speaking, the landscape is flat to undulating with slope angles under 1°. The area is underlain by granite
gneiss and migmatite basement complex rocks, which have produced loamy sand and sand clay loam
soils with low to moderate erodibility and run-off potential. These soils are deep and well-drained.

Although there is a long (8-month) rainy season in the area, June through September each year
sees roughly 60% of the region's total annual rainfall of about 2000 mm. The natural vegetation in the
region is influenced by the tropical climate. Savanna vegetation with grasses and scattered trees is
common. A little under 42% of the region is made up of parkland savanna woodland (most of it
protected), 36% is farmed, 9% is covered in mixed grass shrubs (used for grazing), 5% is built up, 7% is
made up of granitic hills, and 1% is covered in drainage. Farming activities are undertaken on a
smallholder basis, with per capita land ownership averaging about 0.5 ha. Tillage operations are carried
out using a hoe (for weeding and planting) and an ox-driven plough (for making ridges). Soil fertility is
maintained using inorganic fertilizers, with superphosphate, urea, and NPK (20:10:10) being the main
ones used. The major crops grown include sesame (Sesamum indicum), guinea corn (Sorghum bicolor),
yam (Dioscorea rotundata), and maize (Zea mays L.). Weedicides are occasionally used by the farmers
to control highly persistent weeds in the area. Abuja is a planned city, designated as the capital in the
1980s to replace Lagos. The city is organized into various districts, each serving specific purposes such as
residential, commercial, and administrative. The University of Abuja Permanent Site constitutes an
integral part of the city's land use, contributing to the educational and research landscape of the region.

Sampling Design and Selection of Sampling Plots

The study adopted an inferential approach to soil change assessment which presupposes that
soils of an area which is fairly uniform in terms of climatic, geological, and topographic/geomorphic
characteristics will differ in their characteristics mainly due to the variations in the landuse and cropping
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practices they are subjected to (Abubakar, 1997). Using the approach an area was identified within Abuja,
located at the permanent site of the University of Abuja due to its uniform climatic, geologic, and
topographic characteristics which made it suitable for the investigation intended in the study. The soils
of the area are subjected to five cropping practices (namely (sesame mono cropping (SM), guinea corn
mono cropping (GCM), yam mono cropping (YM), maize + yam mixed cropping (MYM), maize mono
cropping (MM)) which are representative of the main ones undertaken in the Abuja area. A sixth plot
(landuse) is under long standing natural forest cover which was chosen to serve as the control based
upon whose condition the changes in soils of the five cropping practices could be assessed.
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Figure 1. Study area showing location of soil sampling points

Soil Samples Collection

For each of the six plots, three replicate sampling sub-plots of 10 m x 10 m dimension each were
marked and chosen for soil samples collection to ensure sampling reliability. In each CLUP in the study
area, three replicate sampling plots with a 10 m x 10 m dimension were chosen. Each sampling sub-plot
was divided into 16 grid squares of identical size, and soil samples were collected from two standard
depths in the middle of each grid square (0-15 c¢cm for topsoil and 20-30 c¢m for subsoil) using a core
sampler. This enabled collection of 96 core samples for each CLUP plot (16 topsoil samples x 3, plus 16
subsoil samples x 3), resulting in a total of 576 samples (96 samples x 6) for the six CLUPs, giving a total
of 576 samples (96 samples x 6) for the 6 CLUPs. Sampling at these two depths was undertaken to ensure
comparability between the six plots. The collected samples were transported to the laboratory under
controlled conditions to preserve their integrity for analyses.

Soil Analyses

While in the laboratory, the collected were kept at 4 degrees Celsius for further routine analytical
process testing. The samples were air-dried and ground to pass through a 0.5-mm sieve to remove gravel-
sized fractions. 10g sub-sample was then collected from each sieved sample for detailed analysis. For soil
organic carbon, Walkley-Black oxidation method was used (Anderson & Ingram, 1993). Potassium
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dichromate-sulfuric acid mixture. The mixture was heated to oxidize organic carbon and the remaining
dichromate titrated after which the organic carbon values were calculated. To determine soil pH, soil-
water and soil-Cacl, suspensions were prepared at a ratio of 1:2.5 each. To each prepared suspension, an
electrode of a pH meter, which was calibrated with a standard buffer solution, was inserted after which
the suspension was allowed to stabilize before readings were taken. To determine total nitrogen, Kjeldahl
digestion method was used (Anderson & Ingram, 1993). The soil sub-sample was digested with
concentrated sulfuric acid and then neutralized with sodium hydroxide. The ammonia produced from
the neutralized solution was then distilled and captured in a boric acid solution. The excess acid was then
titrated with a standard sodium hydroxide solution.

Statistical Analyses

The mean and standard error of the mean values were computed for every property for both
topsoil and subsoil for every CLUP plot. An analysis of variance (ANOVA) and t-test were used to test
for significant differences in values of the analyzed soil properties. Analysis of Variance (ANOVA) and t-
test are statistical methods that play crucial roles in soil data analysis, providing valuable insights into the
variation and significance of different factors. ANOVA is particularly useful when dealing with multiple
groups or treatments (e.g., different land uses, fertilizer applications). It helps determine if there are
significant differences in means among the groups, such as assessing the impact of different land
management practices on soil pH or nutrient levels. T-test is used comparing the means of two groups
(e.g., treated vs. untreated soil). It helps in determining if difference between two means is statistically
significant. For example, comparing soil organic carbon levels between fertilized and unfertilized plots.
The two tests are thus essential tools in soil data analysis, allowing researchers to draw meaningful
conclusions about the factors influencing soil properties. They contribute to evidence-based decision-
making in agriculture, environmental science, and land management by helping identify significant
differences, assess treatment effects, and understand the variability in soil data. The student's t-test was
used in this study to test for significant differences in mean values of the soil properties between the two
sampling depths. The test was also used to test for significant differences between the mean values of
every property for the NF plot on the one hand and each of the five cropping plots (SM, GCM, MM,
MYM, and YM) on the other. ANOVA test was conducted in this study to examine the significance of
differences in mean values of the soil properties in the five cropping system plots. The tests were carried
out at 0.05 probability level.

RESULTS & DISCUSSION

Table 1 shows the mean and standard error of the mean for the three soil quality parameters
that were measured in both the topsoil and the subsoil in the study area, which had a natural forest as
the control and five cropping practices as the other groups. The tables also show the summary of t-test
analyses conducted to compare the mean values of the various properties between the topsoil and subsoil
layers with a view to identifying the specific properties on which the CLUPs have caused significant
changes between the two layers. It also shows a summary of the ANOVA test, which was used to compare
the mean values of the different properties across the five cropping practices in order to find the set of
properties that were most affected by the practices in the study area.

Variation in Soil Properties between Topsoil and Subsoil

In general, Table 1 shows that pH values between topsoil and subsoil are not significantly
different. However, the two biological properties (SOC and TN) and the C/N ratio are in general
significantly higher in the topsoil than the subsoil, perhaps reflecting the higher organic activities of the
upper soil layer, which favor higher topsoil levels of those soil properties. Organic matter makes soils
have more biological activity, so it's not surprising that the two properties were found to be higher in
the topsoil (Jobbagy & Jackson, 2001; Igbal et al., 2014; Guan et al., 2015; Chen et al., 2016).

In the literature, a number of measures have been identified as those capable of promoting
accumulation of organic materials in the topsoil layer, and such include retention and incorporation of
crop residue back into the soil (Fu et al., 2001; Antle & Stoorgovel, 2008), use of animal manure (Irfan
et al., 2021), incorporation of farmyard manure (Ahmad et al., 2021; Mebrate, 2022), and use of
biosolids derived from waste dumpsites (Pampana et al., 2021). Farmers in the study area don't do a
good job of taking care of their animals, so they don't have much animal manure to use on their farms.
The use of biosolids from dumpsites is not common among farmers, while much of the crop residue is
removed from the farmlands after harvest to be used in feeding livestock kept at home and also used as
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an energy source for domestic cooking. These things suggest that the soils in the area don't have a lot of
organic matter, which means they don't have a lot of SOC or TN.

Table 1. Mean and standard error of the mean values of SOC, TN, C/N ration and pH
under the 6 CLUPs

Sampling Values for the Various CLUPs

Soil Depth

Property (cm) L\l;:::tal Yam Sesame Yam + Maize  Maize Guinea Corn

pH 1:2.5 0-15 6.89 0.12 5.64* 0.13 5.78* 0.1 5.76* 0.06 5.86* 0.13 5.85* 0.25

(H20) 20-30 6.27 0.29 5.31* 0.23 5.64* 0.23 5.39* 0.25 5.62* 0.31 547 0.4
DBMSD NS NS NS NS NS NS

pH 1:2.5 0-15 6.61 0.1 595% 0.18 5.87* 0.16 6.03* 0.08 6.36 0.16 5.95* 0.25

(CaCl,) 20-30 532 0.32 5.83* 0.33 5.69 0.22 5.96 0.23 6.03* 0.28 5.73* 0.45
DBMSD NS NS NS NS NS NS

Soil 0-15+ 095 0.32 0.62* 0.25 0.22* 0.04 0.41* 0.61 0.32* 0.31 0.27* 0.15

Organic 20-30+ 0.49 0.34 0.23* 0.24 0.06* 0.02 0.28* 0.14 0.24* 0.03 0.13* 0.05

Carbon DBMSD S S S S S S

(g/kg)

Total 0-15+ 0.24 0.02 0.12* 0.01 0.07¢* 0.02 0.15* 0.01 0.19* 0.02 0.14* 0.02

Nitrogen 20-30+ 0.19 0.02 0.08* 0.01 0.03* 0.01 0.06* 0.01 0.03* 0.01 0.02* 0.01

(g/kg) DBMSD NS S S S S S

C/N Ratio 0-15+ 3.05 0.73 5.16* 0.68 3.14 0.52 2.73* 0.62 1.68* 0.25 1.93* 0.14
20-30+ 2.57 0.54 1.14% 0.42 2.00* 0.39 4.67% 0.32 8.0% 0.1 6.50* 0.05
DBMSD NS S S S S S

Note:

a. The asteriks (*) denotes the mean values for the cropping plots that are significantly different from that of
the control; as revealed by t-test analysis at 0.05 probability level.

b. DBMSD = Differences between mean values of soil properties of the two sampling depths, being significant
(S) or not significant (NS); as revealed by t-test analysis at 0.05 probability level.

c. The plus (+) sign indicates the sampling depth at which means values of the soil properties are statistically
different amongst the five cropping plots; as revealed by ANOVA test at 0.05 probability level.

Influence of Cropping Practices on Intra-plot Spatial Heterogeneity

Spatial heterogeneity in soil properties over a specific plot is typically assessed by computing the
coefficient of variation (CV%) or standard error of the mean (SEM) values of every soil property (Mao
et al., 2014; Zajicovd & Chuman, 2019; Sun et al., 2022). Typically, CV% values less than 25% are
considered low, while those greater than 25% are considered high; however, when CV% values exceed
25% but are less than 50%, the heterogeneity is considered moderate, while values greater than 50%
are considered high. Where SEM values are computed, values that are less than 25% of the various mean
values are regarded as indicators of low spatial heterogeneity, while those that are above 25% but less
than 50% of the mean values are regarded as indicators of moderate heterogeneity, and those above
50% of the mean values are regarded as indicators of high heterogeneity.

A close look at Table 1 revealed that the SEM values of the three soil quality indicators under
both the control and cropping plots are generally less than 25% of the mean values, which suggests that
the practices have not caused much intra-plot soil heterogeneity in the study area. A possible reason for
this is the very low variation in slope angle, as the plots generally have very low variation in slope angle
(less than 10 slopes on average). Higher variation in slope angle typically results in differentials in
processes such as slope wash, nutrient loss, and organic matter oxidation that influence the distribution
of soil properties over a given plot (Moges & Holden, 2008; Wubie & Assen, 2020).

Soil Quality Variation between the Control and the Cropping Plots

The differences in mean values of the various soil quality parameters between the control and
cropping systems are, in general, statistically significant, with the values for the control being higher than
those of the cropping systems. This indicates that the establishment of cropping systems has caused some
degradation in the quality of the soils in the cropping systems in the study area. Lower SOC and TN of
the cropping plots are attributable to less plant residue being produced and incorporated into the soils
as cultivation cycles progress, a high rate of oxidation of litter materials, and livestock browsing the
residues left on farmlands in the area. Cultivation is well known to promote declines in organic matter
levels unless measures are adopted to bring about the incorporation of organic residues into the cultivated
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soils (Solly et al., 2020). Above- and below-ground crop residue retention and integration in cultivated
soils have been shown to contribute towards raising SOC levels significantly above those of forested soil
(Liu et al., 2011; Li et al., 2014; Pham et al., 2018b). In the study area, unfortunately, all of the crop
residue is shipped away from the farms to be used to feed the animals that farmers keep in their homes
and to heat their homes.

Soil Quality Variation over the Five Cropping Plots

Table 1 also shows that the average values of the different soil properties are very different
between the five cropping plots, both in the topsoil and in the subsoil. This means that the cropping
practices in the study area have caused soil heterogeneity.

Soil Reaction (pH)

It has been shown that pH is directly or indirectly related to soil moisture, salinity, nutrient
availability, and many other soil characteristics (Lineberg et al. 2018; Lynn et al. 2017). The soil pH levels
in the area range from 5.5 to 6.5 (moderately acidic), and soil reaction that is close to neutral is regarded
as quite favorable for plant growth because P availability will be optimal under such conditions (Oku et
al., 2021). Bationo et al. (2003) have shown that the pH of savanna soils is, in general, moderately to
slightly acidic (5.5 to 6.9) and quite favorable for plant growth.

The topsoil pH values range from 5.87 to 6.86 for sole cropping and 6.76 for mixed cropping.
In the subsoil, the values range from 5.31 to 6.03 for the sole cropping plots and 5.96 for the mixed
cropping plot (Table 1). This indicates that the mixed cropping system promoted a higher pH level in the
soils of the study area, and a possible reason for this is the fact that mixed cropping promotes greater
vegetation cover and consequently less risk of slope wash, which could otherwise lower the levels of
base elements as sheet erosion occurs. The results also showed that though soil pH is significantly lower
under the cropping plots than the control, the values did not vary significantly between the five cropping
systems, indicating that the cropping systems have a similar effect on the decline in property values in
the area. Abbasi et al. (2007), Kiflu & Beyene (2013), and Liao et al. (2015) have variously observed that
pH varied significantly with landuse types, while other researchers (Rokunuzzaman, et al., 2016 and
Moges et al., 2013) observed that the property did not vary with landuse types, as was found out in this
study

Going by the classification of Landon (1991), the pH values of the five cropping plots can be
rated as being slightly acidic, which could most probably be a reflection of the parent material (granitic
rocks) that gave birth to the soils of the study area. Tellen & Yerima (2019) describe the chemical fertilizers
and weedicides used for soil fertility maintenance in the area as typically containing some high amounts
of cations, which could help to balance out the negative charges lost from the soil's exchange complex
of cultivated soils as losses occur due to processes such as sheet erosion induced by high tillage and
weeding frequencies and low organic matter in the control and the five cropping plots. The range in
value of the property in the study area is not very wide, with the lowest being about 5.3 and the highest
being about 6.9; however, the fact that the pH values of the cropping plots are significantly lower than
those of the control is an indication of the fact that losses of cations have been occurring from the soils
of the cultivated plots, which is very much in agreement with the findings of many research workers
(Sadiq et al., 2021; Tumayro & Tesgaye, 2021; Haile et al., 2022; Hota et al., 2022). This suggests that
where effective soil fertility amendments are introduced, declines in pH level cannot only be minimized
but even be reversed. Kizilkaya & Dengiz (2010) have reported a significant increase in the pH of
cultivated soils in Turkey that have been receiving applications of organic manure, mulching, crop
rotation, and limited tillage. In areas receiving liming amendments in Vietnam, soil pH was found by
Pham et al. (2018b) to have increased significantly under arable crop farming. Farmers cultivating acidic
soil have been reported to add up to 500 kg of lime per hectare to increase acidic soil productivity
(Rengel, 2003; Ha, 2003; Hoang & Le, 2012; Nduwumuremyi et al., 2013).

Organic Carbon

In most tropical soils, clay minerals are largely low-activity types, especially kaolinite, with low
capacities to fix CEC and hold nutrients. Organic matter is consequently the main colloidal source that
undertakes such activities (Sanchez, 2019). In addition, the colloid serves as the major source of much of
the native nitrogen and phosphorous in soils. It also serves as an energy source for soil microorganisms,
reduces erosion, and improves soil texture and structure (Arunrat et al., 2020). It is therefore a very
important property for plant nutrition.
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Soil organic carbon (SOC) levels of less than 2g/kg are rated as low (Udo et al., 2009). In
smallholder farms, crop residues are rarely left on the farmlands after harvest, and even where they are,
they undergo rapid oxidation and mineralization due to solar heating, aggressive browsing by livestock,
and collection for use as a domestic fuel source (Oku et al., 2017). Adiaha (2017) has shown that in
tropical farming environments, the general addition of organic residues, which determines the organic
matter content in the soil, is low while the loss of such residues through mineralization is high. The low
SOC rating of soils in the study area is not surprising given that tropical savanna soils have been widely
reported to be sandy in texture, low in organic matter due to a combination of low vegetation cover, a
high rate of litter oxidation, decomposition, and mineralization due to solar heating, livestock browsing
of standing vegetation and crop leftovers, and a low level of use of organic amendments in soil fertility
maintenance (Kizilkaya & Dengiz, 2010; Sanchez, 2019). When soils are put into cultivation, an imbalance
is created between organic material inputs and outputs through the above sources of loss, which makes
carbon stocks unstable and highly vulnerable to decline (Guo & Gifford, 2002; Wiesmeier et al. 2012).
However, due to the application of organic amendments, Liu et al. (2011), Li et al. (2014), and Pham et
al. (2018a) discovered that arable land has a higher SOC content than forested land.

The results obtained in this study showed that SOC significantly varied with the cropping
practices in both soil layers. The five cropping plots have significantly lower levels of organic carbon and
total nitrogen than the control. The mean values of the property for the control plot at the topsoil and
subsoil were 0.95 g/kg and 0.49 g/kg while for the cropping plots, the values in the upper soil layer
range between 0.22 g/kg under sesame sole cropping and 0.62 g/kg under yam sole cropping. The trend
in the lower layer is similar to that of the upper layer (Table 1). These suggest that the five cropping
systems have caused a significant decline in OC level, and the most probable reason for this is that farmers
in the study area do not incorporate crop residue in soil fertility maintenance as nearly all the stubble is
exported out of the farmlands at the time of harvest. SOC varied significantly with land use, according
to Boivin et al. (2009) and Wubie & Assen (2020).

The results obtained also revealed that the mixed-cropping systems have comparatively higher
SOC values than the sole cropping systems. The high content of the property of mixed cropping plots is
perhaps a reflection of greater plant cover during the cropping period. Kumar et al. (2019) have shown
that practices involving the cultivation of more than one crop (in mix or rotation forms) could increase
the input of OC in the soil, which could promote higher N availability, leading to enhanced soil fertility.
Also, Aula et al. (2016) found out that nitrogen application significantly increased SOC content when the
rate exceeded 90kg per hectare due to the stimulation of increased growth of cover crops that contribute
to above- and below-ground organic material levels in soils. A study by Zhang et al. (2016) has shown
that incorporation rates of 15%, 50%, and 90% of crop residue resulted in increases in SOC levels of 78
kg/ha/yr, 489 kg/ha/yr and 1005 kg/ha/yr respectively. Also, increased biomass production due to
irrigation practices has been shown to have contributed to increased additions of SOC and TN in
cultivated soils (Halvorson & Schlege, 2012).

Total Nitrogen

Total nitrogen (TN) levels in soils of between 0.5 g/kg and 1.0 g/kg are regarded as high and a
desirable level (Oku et al., 2021). In the study area, while the control plot had TN levels of 0.24 and
0.19 for the topsoil and subsoil, respectively, the values for the cropping systems range between 0.12
mg/kg (under YM) and 0.19 mg/kg (under MM) in the topsoil, and in the subsoil, the property varied
between 0.02 mg/kg (under GM) to 0.08 (under YM). These show that the soils of the study are
inherently low in native TN, as even the control plot has values that are well below the required level.
The generally lower TN values of soils in the study area may be a reflection of the low values of property
in the soils of the Nigerian savanna, which are related to the sandy nature and low net return of litter to
the soils from standing vegetation in the region (Jones & Wild, 1975). It could be seen that the pattern
of TN distribution over the cropping plots in the study area is similar to that of TOC. This is partly
expected because organic matter serves as the major source of TN in soils (Sanchez, 2019).

The mean values of the property are significantly different amongst the five cropping system:s,
which indicates that the cultivation practices have resulted in significant TN heterogeneity in the study
area. The results of the t-test comparing the mean TN values of the control plot with those of each of
the five cropping systems showed that the cropping systems maintained significantly lower levels of the
property than the control, indicating that the systems have caused a significant decline in levels of the
property in the soils of the study area. The significant decline in TN levels in the cropping systems could
be related to the rapid mineralization of the organic substrates derived from root biomass following
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intensive cultivation and the removal of crop residue from farmlands after harvest in the study area (Oku,
et al., 2021).

In different ecosystems, it has been seen that clearing vegetation and setting up roping practices
cause C and N levels in the soil to drop significantly if no effort is made to add more organic material to
the soil (Mustapha, 2007; Chemada et al., 2017; Tufa et al., 2019). Where, for instance, livestock are
allowed to stay on cultivated land during the off-farming season, their dung and urine will be adding
nutrients, humus, seeds, and microbes that could help stimulate vegetation, regeneration as well as
improve soil structure and nutrients' fertility levels, and these could turn the farmland into a nutrient
hotspot. Recent research findings in Zimbabwe have shown that the organic matter added to the soil in
this way can last up to five years (Dube-Matutu, 2022). Liu et al. (2014) in China and Rodriguez-Murillo
(2001) found that cultivation resulted in a significant decline in TN levels, while Emiru & Gebrekidan
(2013) in Ethiopia, Li et al. (2016) in China, and Pham et al. (2018a) in Vietnam found that cultivated
soils receiving applications of N-rich mineral fertilizers have TN levels that are significantly higher than
those of forest lands.

C/N Ratio

C and N are the two primary elements involved in plants’ growth and development, and the
ratio between them is an indicator of nitrogen mineralization ability and use efficiency, and a key input
parameter for some ecological and ecosystem models aimed at evaluating soil biological productivity
(Zhang et al., 2020). It is therefore a sensitive indicator of soil quality. The soil C/N ratio is usually
considered an indicator of soil nitrogen mineralization ability. High C/N ratios in soils can retard the rate
of organic matter and organic nitrogen decomposition by limiting the ability of soil microbial actions,
whereas low C/N ratios in soils could accelerate the process of microbial decomposition of organic matter
and nitrogen (Yerima & van Ranst, 2005; Tellen a& Yerima, 2018). However, Wu et al. (2001) reported
that a low soil C/N ratio is not conducive to carbon sequestration. In general, values that are less than
10 are considered to be poor indicators of soil quality, while 10 is regarded as the optimum. Deng et al.
(2013) pointed out that the greatest organic matter mineralization in soils would occur at a substrate C:N
ratio of 25. If the ratio is less than 20, mineral N is released in the early stages of the decomposition
process because the dividing line between the immobilization and release of N is about 20:1 (Swangjang,
2015). Thus, values between 10 and 20 can be regarded as desirable for crop productivity.

Relationship of the Study Findings to the Research Problem and Literature

The results obtained showed that the mean C/N ratio values of the various CLUPs in the study
area were less than 6, implying that the quality is low. The values varied significantly between the five
cropping systems, with the values all significantly lower than those of the control, indicating that the
practices have caused significant declines in the mean values of the property. It can thus be concluded
that the soils under the CLUPs in the area are promoting accelerated decomposition of organic matter
and limiting the rate of mineralization of organic nitrogen by reducing soil microbial activity. Because of
this, their ability to store carbon will be limited, and they can't be counted on to be the only way to fight
climate change.

In general, the findings align with literature emphasizing the role of organic inputs in maintaining
soil fertility. pH decline due to cultivation resonates with studies highlighting the impact of land use on
soil properties. The results obtained showed no significant difference in pH between topsoil and subsoil.
Topsoil had significantly higher levels of SOC and TN, indicating higher organic activity. Practices like
retaining crop residue and using organic amendments were identified as factors promoting organic matter
accumulation in topsoil. Low spatial heterogeneity observed in both control and cropping plots. Low
variation in slope angle likely contributed to uniformity in soil properties. Coefficient of variation (CV%)
and standard error of the mean (SEM) values generally below 25%, indicating low heterogeneity. The
control plot had significantly higher mean values for soil quality parameters compared to cropping plots.
Cropping practices led to degradation, with lower SOC and TN attributed to reduced organic residue
incorporation and high oxidation of litter materials. Significant differences in soil properties among the
five cropping plots, both in topsoil and subsoil.

Soil pH slightly acidic, favorable for plant growth. Mixed cropping promoted higher pH levels,
possibly due to increased vegetation cover reducing slope wash. Generally low SOC levels, attributed to
factors such as low vegetation cover and removal of crop residue. Mixed-cropping systems showed higher
SOC values, possibly due to increased plant cover during cropping. Inherently low native TN levels in
study area soils. Cropping systems significantly decreased TN levels, linked to intensive cultivation and
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crop residue removal. Low C/N ratio values (< 6) suggest low soil quality. Cropping practices significantly
reduced C/N ratios, indicating accelerated organic matter decomposition and limited nitrogen
mineralization. Lack of organic matter inputs (e.g., crop residues) in the study area contributed to low
SOC and TN levels. The practice of removing crop residue for livestock and energy needs negatively
impacted soil quality. The cropping systems induced significant variations in soil properties, emphasizing
the need for sustainable practices. Mixed cropping showed some benefits, potentially due to increased
plant cover and diverse crop residues. pH decline in cropping plots suggests cation losses, highlighting
the need for effective soil fertility management. Soil amendments could mitigate pH decline, emphasizing
the importance of targeted interventions. Low spatial heterogeneity suggests relatively uniform soil
properties.

CONCLUSION

The study compared soil quality parameters in both topsoil and subsoil across a natural forest
(control) and five cropping practices (CLUPs) in the study area. While pH values did not significantly
differ between topsoil and subsoil, organic properties (SOC and TN) and the C/N ratio were significantly
higher in the topsoil, suggesting higher organic activities in this layer. The absence of significant differences
in pH between cropping practices indicates a relatively stable soil reaction across the study area. Spatial
heterogeneity within plots, assessed by the coefficient of variation (CV%) and standard error of the mean
(SEM), was generally low, suggesting that CLUPs had not induced significant intra-plot soil heterogeneity.
Low variation in slope angle was identified as a potential factor contributing to the observed low
heterogeneity.

Significant differences in mean values of soil quality parameters were observed between the
control and cropping systems, with the control plots generally exhibiting higher values. Cropping
practices led to significant degradation in soil quality, particularly in terms of SOC and TN levels.
Significant differences were noted in the average values of soil properties among the five cropping plots,
indicating that cropping practices have induced soil heterogeneity in the study area.

The soil pH ranged from 5.5 to 6.5 (moderately acidic), with mixed cropping promoting higher
pH levels. Despite the overall pH values being within a favorable range for plant growth, the decline in
pH under cropping plots compared to the control suggests cation losses and soil degradation. SOC levels
were significantly lower in cropping plots compared to the control, indicating a decline in organic matter
due to practices such as the removal of crop residue from farmlands. Mixed cropping systems
demonstrated higher SOC values, emphasizing the potential benefits of diversified cropping practices for
soil health. TN levels were generally low, with cropping systems maintaining significantly lower levels
than the control. The rapid mineralization of organic substrates and the removal of crop residue were
identified as factors contributing to the decline in TN levels. The C/N ratio values were below 6,
indicating poor soil quality. Significant declines in C/N ratio values under cropping systems suggest
accelerated decomposition of organic matter and reduced soil microbial activity.

It is recommended that the farmers be encouraged to adopt practices that promote the retention
and incorporation of crop residue into the soil, such as mulching and cover cropping. There is a need to
promote the use of organic amendments, including animal manure and biosolids, to enhance soil organic
matter content. There is also the need to advocate for diversified cropping systems, including mixed
cropping, to enhance vegetation cover, reduce slope wash, and minimize soil degradation. Emphasis
should also be given to sustainable soil fertility practices in the area, such as the use of organic fertilizers,
to maintain nutrient levels and prevent declines in soil pH. Soil conservation measures, such as contour
plowing, to address potential soil erosion issues need to be particularly promoted. There is an equal need
to promote advocacy for the development and implementation of government policies that incentivize
sustainable agricultural practices and soil conservation efforts. Awareness programs to educate farmers
on the importance of soil conservation practices and the long-term benefits of maintaining soil health
need to also be conducted. Local communities need to be engaged in participatory soil management
programs to ensure the adoption of recommended practices and the sustainability of soil health initiatives.
Research is needed to monitor soil properties and assess the effectiveness of the recommended practices
over time. By implementing these recommendations, it is anticipated that soil health and fertility in the
study area can be improved, contributing to sustainable agriculture and environmental conservation.
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